3 



Europglachee Patontamt 

® 0))) Europ8 * n P8U,nt ° mct> ® Publication number: 0 282 286 

Office europeen dee brevets /\2 



© EUROPEAN PATENT APPLICATION 



® Application number: 88302050.5 ® | ntct .4 : H 01 L 39/24 

® Dateoff.HnQ. 09.0W8 H 01 B 12/00 



CM 

8 

CM 



® Priority: 13.03.87 JP 56852/87 
13.03.87 JP 06866/87 
11.0&87 JP 114312/07 
11.0637 JP 114315/87 
19.1237 JP 321723/87 
19.1237 JP 321724/87 

© Data of publication of application : 
14.09.88 Bulletin 88/37 

@ Designated Contracting States: 
CH DE FR QB U NL SE 

© Applicant: Kabuthlkl Kalsha Toshiba 
72, Hortkawa-cho Sahval-ku 
Kawaeakl-ehl (JP) 

@ Inventor: Yamada. Yutafca c/o Patent Dtvlafon 
KabushOd Kaitha Toshiba 1-1 3Mbaur«1<hoftw 
Mliurto-ku Tokyo 105 (JP) 

Muraae, Satoru c/o Patent Dtvialon 

Kabuahikl Kalaha Toshiba 1-1 Shlbaural-chome 

Mlnato-ku Tokyo 106 (JP) 



Yoahlno, Hlsaahl c/o Patent Division 
Kabuahikl Kalaha Toshiba 1-1 Shfbaura 1-choma 
Mlnato-ku Tokyo 106 (JP) 

FukuahlmiL Moburu c/o Patent Dtvialon 
KabuahIM Kalaha Toshiba 1-1 8httMHira 1<home 
Mlnato-ku Tokyo 106 (JP) 

Nki, HiromJ c/o Patent DMeton 

Kabuahikl Kalsha ToeNba 1-1 OUbaura 1-choma 

Mbiato-ku Tokyo 106 (JP) 

Nakayama, Shlgeo o/o Patent Dtvialon 
Kabuehfkl Kaiaha Toshiba 1-1 Shlbaural-chome 
Mlnato-ku Tokyo 106 (JP) 

Koizumi, Mtaao c/o Patent Division 

KabuahlU Kalaha Toshiba 1-1 8hlbatire1-chome 

Mlnato-ku Tokyo 106 (JP) 

® Representative: Freed, Arthur WootfetsJ 
MARK8 & CLERK 57-60 Uncoin'a Inn Relda 
London WC2A3LS (QB) 



@ Superconducting wire and method of manufacturing the same. 

® A starting materfai which Is converted to a continuous 
body of an oxide superconductor by a heat treatment is filled In 
a tubular Ag sheath member (2). The diameter of the filled 
member is reduced by extrusion to form a wire. The wire la 
subjected to a heat treatment so that the starting materfai 
inside the sheath member is converted to a continuous body of 
an oxide superconductor (1). A superconducting wire con- 
stituted by the sheath member (2) and the oxide superconduc- 
tor (1) fined inside the sheath member Is obtained. A 
superconducting coll can be obtained by winding the supercon- 
ducting wire. 
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Description 

Superconducting wire and method of manufacturing the same 
The present invention relates to a superconduct- 



ing wire using a compound superconductor and a 
method of manufacturing the same and, more 
particularly, to a superconducting wire suitable for 5 
an oxide superconductor and a method of manufac- 
turing the same. 

Conventionally, A15, B1, Chevrel, and Laves 
metal-based compound superconductors are 
known. Oxide ceramfc-based superconductors hav- 10 
ing a crystal structure such as perovskite and 
layered perovskite superconductors are also known. 

Of these superconductors, a layered perovskite 
oxide superconductor such as an La-Ba-Cu-0 
superconductor has a critical temperature of 30K or 15 
higher at which the superconductor does not exhibit 
superconducting characteristics. Of a oxygen defi- . 
cient perovskite oxide superconductor, e.g., a 
Y-Ba-Cu-0 superconductor, some have critical 
temperatures exceeding 90K. A variety of appllca- 20 
tions have been proposed for these oxide ceramic- 
based superconductors since they have high critical 
temperatures, and these superconductors are re- 
ceiving a tot of attention. 

High-temperature superconductors are applied 25 
to, e.g., a superconducting magnet, a transmission 
line, and the like. These applications are wires, and a 
demand has arisen for manufacturing a wire using 
the above-mentioned oxide ceramic-based super- 
conductor. 30 

However, since sintering Is performed in the 
manufacture of the oxide superconductor, pellets 
can only be manufactured. Therefore, the oxide 
superconductor can hardly be applied to a super- 
conducting magnet and a transmission line. 35 

It is an object of the present Invention to provide a 
superconducting wire using a compound supercon- 
ductor, especially, an oxide superconductor and a 
method of manufacturing the same. 

ft is another object of the present invention to 40 
provide a superconducting wire which allows a 
current to effectively flow therethrough, and a 
method of manufacturing the same. 

It Is still another object of the present invention to 
provide a superconducting coil using an oxide 45 
superconducting wire. 

A first superconducting wire according to the 
present invention has a tubular sheath member, and 
an oxide superconductor filled In the sheath mem- 
ber. 50 

A second superconducting wire according to the 
present invention has an Ag matrix, and an oxide 
superconductor dispersed In the matrix. 

A third superconducting wire according to the 
present Invention has an oxide superconductor and 55 
a metal core member buried therein. 

A method of manufacturing the first supercon- 
ducting wire according to the present invention 
comprises the step of: filling a starting material for 
forming an oxide superconductor, in a sheath 60 
member to form a filled member; processing the 
filled member into a wire shape; performing a heat 
treatment of the filled member to convert the 



starting material filled in the sheath member Into an 
oxide superconductor which is conductive enough 
to effectively flow a current 

A method of manufacturing the second supercon- 
ducting wire according to the present Invention 
comprises the steps of: molding an Ag alloy 
containing a metal for constituting an oxide super- 
conductor into a linear shape; and performing a heat 
treatment of the linear Ag alloy In an oxidizing 
atmosphere to form an oxide superconductor In an 
Ag matrix. 

A method of manufacturing the third supercon- 
ducting wire according to the present invention 
comprises the steps of; filling a starting material for 
forming an oxide superconductor, in a metal tube to 
form a filled member; inserting a metal core member 
In the metal tube along the longitudinal direction of 
the wire; processing the filled member into a wire 
shape; removing the metal tube from the filled 
member; and performing a heat treatment of the 
wire to form an oxide superconductor which is 
conductive enough to effectively flow a current 
therethrough. 

According to the present Invention, since an oxide 
superconductor Is Integrated with a sheath member 
or an Ag matrix or a core member to form a wire, a 
superconducting wire using the oxide superconduc- 
tor can be very easily obtained. Since the wire can be 
a continuous member, a current can be effectively 
flowed through the wire. The superconducting wire 
of the present invention can be wound to obtain a 
superconducting coil. 

This invention can be more fully understood from 
the following detailed description when taken in 
conjunction with the accompanying drawings, In 
which: 

Rg. 1 Is a cross sectional view showing a 
superconducting wire according to a 'first 
embodiment of the present invention; 

Fig. 2 and Fig. 3 are cross sectional views 
showing wires according to modifications of the 
first embodiment; 

Fig. 4 is a cross sectional view showing a 
superconducting wire according to a second 
embodiment of the present Invention; 

Fig. 5 is a view for explaining a preferred 
orientation of oxide superconductor crystal 
grains of the wire shown In Rg . 4 ; 

Fig. 6 is a sectional view showing a supercon- 
ducting wire according to a third embodiment of 
the present invention; 

Fig. 7 is a view showing a preferred orienta- 
tion of oxide superconductor crystal grains of 
the wire shown in Rg. 6; 

Fig. 8 is a front view showing a coil formed by 
winding the wire shown in Fig. 6; and 

Figs. 9 and 10 are sectional views showing a 
superconducting wire according to a fifth 
embodiment of the present invention. 
The present Invention will be described in detail 
with reference to the accompanying drawings. 
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Fig. 1 is a sectional view showing a superconduct- 
ing wire according to a first embodiment of the 
present invention. In Fig. 1, reference numeral 1 
denotes an oxide superconductor. Oxide supercon- 
ductor 1 is covered by tubular sheath member 2. 

Oxide superconductor 1 may be a continuous 
oxide exhibiting superconducting characteristics, 
and is normally formed by a sintering powder. Oxide 
superconductor 1 may be formed of an oxide having 
a perovskite type structure in a broad sense such as 
a layered perovskite oxide having a composition 
represented by (Lai- x Mx)2Cu04 (x Indicates 
atomic <lfo, and falls within the range of 0 i x < 0.1 1 
and M is an element selected from the group 
consisting of: Ba, Sr, and Ca) ( or, a oxygen deficient 
perovskite oxide having a composition represented 
by ABaaCu 3 07^ (8 £ 0.2, and A is an element 
selected from the group consisting of: Y, Yb, Ho, Dy, 
Eu, Sm, Gd, Nd. La, Er, Tm, and Lu). The former has a 
critical temperature of about 30K, and the latter has 
a critical temperature of about 90K. in the latter, Ba 
may be partially substituted with Sr or Ca. 

Sheath member 2 may have a low electric 
resistance and a high heat conductivity, or have a 
good workability and a high mechanical strength. 
For example, Ag, Au ( Pt, Pd t or their alloys are 
preferable. Alternatively, sheath member 2 may be 
formed of Cu f Nb, or their alloys, stainless steel, or 
the like. Since sheath member 2 serves as a 
reinforcing member of oxide superconductor 1, the 
superconducting wire can be easily formed Into, e.g., 
a coli shape. When sheath member 2 is formed of 
Ag, Au, Pt, Pd, or their alloys, sheath member 2 
serves as a stabilizer of oxide superconductor 1, as 
will be described later. 

In order to enhance the reinforcing effect, 1 or 
more core members may be provided inside super- 
conductor 1, e.g. Fig. 2 pictures 3 core members 6. 

A method of manufacturing the superconducting 
wire wilt be explained below. 

A starting material for forming oxide supercqn- 
ductor 1 is filled in sheath member 2. Examples of 
the starting material are metals containing an oxide 
superconductor or their oxides, or carbonates, 
nitrates, oxalates, hydroxides, or the like which can 
be converted to oxides by heating. These materials 
are mixed at predetermined ratios. The mixture may 
be calcined and ground, and may then be filled in 
sheath member 2. Alternatively, after the mixture is 
completely sintered, the sintered body may be 
ground and filled In sheath member 2. The form of 
the starting material can be either a powder or a 
linear member. For example, metal wires which are 
respectively formed by metal elements for constitut- 
ing an oxide superconductor may be simultaneously 
inserted in sheath member 2. The starting material 
can be inserted in the form of a molded body, in this 
case, the generation of pores and cracks in the 
superconducting wire can be eliminated. The mold- 
ing pressure is preferably 1 to 5 t/cm 2 . 

When a core member is used, the core member is 
inserted simultaneous to the Insertion of the starting 
material in sheath member 2. When the starting 
material is inserted in the form of a molded body, ft 
may be molded together with the core member. 



Thus the resultant molded body with the core 
member may then be Inserted Into a sheath member. 
Alternatively, a hole is formed in a portion of a 
molded body, and after the molded body is Inserted 
5 In the sheath member, the core member may be 
inserted in the hole. 

The above-mentioned starting materia! compo- 
nents are mixed so that oxide superconductor 1 has 
a stoichiometric composition. Even If the composi- 

10 tion Is slightly altered due to variations In the 
manufacturing conditions or the like, the supercon- 
ducting characteristic can still be maintained. For 
example, if a Y-Ba-Cu-0 composition fs used as 
oxide superconductor 1 , 2 mol of Ba and 2 mol of Cu 

15 must be mixed with respect to 1 mol of Y. according 
to the stolchiometrical point of view. However, in 
practice, the Y content can fall within the range of 0.8 
to 1.2 mol. the Ba content can fall within the range of 
1.8 to 2.2 mol, and the Cu content can fall within the 

20 range of 2.5 to 3.5 mol. 

A member filled with the starting material Is 
formed into a wire. This process can ba achieved by 
extrusing, swaging, wire drawing, rolling or the Hke. 
in this case, a sectional shape of the wire is not 

25 limited to a circular shape but may be of other 
various shapes, such as a ribbon shape. 

After this process, the wire is subjected to a heat 
treatment. The heat treatment is performed under 
sintering conditions such that the starting material 

30 components Inside sheath member 2 are caused to 
react thereby providing a composition of the oxide 
superconductor, and are substantially converted to 
a continuous body. Preferably, the heat treatment Is 
performed in an oxidizing atmosphere. With this 

35 treatment, the superconductor starting material Is 
converted to continuous oxide superconductor 1, 
and a current can be effectively transmitted then> 
through. The heat treatment can be appropriately set 
so that oxide superconductor 1 Is formed. When 

40 oxide superconductor Is subjected to the heat 
treatment with sheath member 2, the melting point 
of sheath member 2 corresponds to the upper limit 
of the heat treatment temperature. The lower limit of 
the heat treatment temperature is about 500°C 

45 although it differs depending on the compositions of 
the oxide superconductor. 

If diffusion of constituting elements such as Cu. 0 
and the like occurs between sheath member 2 and 
the starting material during the heat treatment, the 

50 composition of oxide superconductor Mails outside 
a predetermined range, and superconducting char- 
acteristics may be degraded. As for the sheath 
member serving as the stabilizer, If diffusion of, e.g., 
oxygen from the starting material becomes notice- 

55 able, an increase In electric resistance or a decrease 
In heat conductivity occurs. Therefore, If a sheath 
member causing such a problem must be employed, 
as shown in Fig. 3 sheath member 5 comprising 
Inner member 3 and outer member 4 Is used. Outer 

60 member 4 Is formed of a material which may cause 
the above problem, and inner member 3 is formed of 
a stable material such as Ag, Au, Pt, Pd or an alloy 
thereof. Thus, an adverse influence due to atomic 
diffusion can be prevented. Especially, when a 

65 Cu-containing material such as La-Ba-Cu-0 Is used 
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as an oxide superconductor and relatively inexpens- 
ive Cu or a Cu alloy such as Cu-Ni is used for a 
sheath member, Cu or the like is used as outer 
member 4, and Ag or the like is used as inner 
member 3. Thus, a deviation in oxide superconduc- 
tor from a predetermined composition range due to 
Cu diffusion, and a decrease in heat conductivity due 
to oxygen diffusion Into the sheath member can be 
effectively prevented. In this manner, if the sheath 
member adopts a double structure, outer member 4 
may be formed after the starting materials are filled 
in Inner member 3, or the starting materials may be 
filled after a sheath member Is formed by Inner and 
outer members 3 and 4. 

Depending on preparation conditions, heat treat- 
ment conditions, or the like of the starting materials, 
oxygen may often be short from a composition 
which is necessary for the oxide superconductor to 
exhibit predetermined superconducting characteris- 
tics. In this case, sheath member 2 is partially cut or 
chemically removed along the longitudinal direction 
of a wire, so that the starting materials are in contact 
with an external oxidizing atmosphere during a heat 
treatment to sufficiently supply oxygen. If sheath 
member 5 having the double structure is employed 
as described above, outer and inner members 4 
and 3 are partially cut or chemically removed, and 
then, a heat treatment Is performed. 

Of the materials for the sheath member, Ag Is easy 
to diffuse oxygen, and fs not easily oxidized. 
Therefore, when Ag or an Ag alloy Is used for a 
sheath member, oxygen can be sufficiently supplied 
from the outside during the heat treatment. For this 
reason, a short supply of oxygen to the internal 
oxygen superconductor and a degradation of mech- 
anical characteristics of a wire due to oxidation of 
the sheath member Itself can be eliminated. If Ag Is 
used for the sheath member, a heat treatment Is 
preferably performed In an oxidizing atmosphere 
such as an oxygen atmosphere or air at a tempera- 
ture of about 500 to 940° C. If the heat treatment 
temperature is below this range, oxygen diffusion is 
too slow, and If it exceeds the range, the wire 
element may be deformed. If the sheath member Is 
formed of Au. Pt, or Pd, or their alloys, they are not 
easy to oxidize. Therefore, substantially the same 
effect as that obtained when the sheath member is 
formed of Ag or the Ag alloy can be provided. 

Note that when the sheath member is formed by 
Cu, Nb, or their alloys, or stainless steel, since these 
materials have low oxidation resistance, the sheath 
member is loaded after the oxide superconductor Is 
subjected to a heat treatment For example, when 
the superconducting wire shown In Fig. 1 Is 
manufactured, an oxide superconductor forming 
material is loaded In a Cu tube, and the resultant 
tube is elongated by, e.g., swaging, as described 
above. Then, the tube is mechanically or chemically 
removed. In this case, since the oxide superconduc- 
tor forming material is compression-molded by, e.g., 
swaging, the linear shape can be maintained after 
the tube is removed. 

Thereafter, the linearly molded body is subjected 
to a heat treatment under appropriate conditions to 
be converted into oxide superconductor 1. 
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Superconductor 1 is covered with sheath member 
2, thus forming a superconducting wire. 

Note that a single-core wire has been exemplified. 
However, a multi-lumen tube can be used for the 

5 sheath member, or a plurality of single-core wires 
manufactured as described above can be bundled to 1 
constitute a multi-core wire. 

When the superconducting wire having the above 
structure is wound, a superconducting cofl using an 

10 oxide superconductor can be obtained. 

A second embodiment will be described below. 
As shown in Fig. 4, in this embodiment, perovsktte 
type oxide superconductor 11 is covered with 
sheath member 12, thus constituting a supercon- 

15 ducting wire. The same materials as in the first 
embodiment can be used for sheath member 12. 
Perovsklte type oxide superconductor 11 used In 
this embodiment can be a layered perovsklte or a 
oxygen deficient perovskite superconductor, as 

20 described in the first embodiment. As shown in 
Fig. 5, C planes 14 of crystal grains 13 are oriented 
along longitudinal direction (a direction indicated by 
arrow A) of a wire, in the perovskite superconductor, 
a superconducting current flows along the C planes 

25 of the crystal grains. Therefore, since the crystal 
grains are oriented as described above, the super- 
conducting current can easily flow In the longitudinal 
direction of the wire, and a current density of the 
superconducting wire can be increased. Note that 

30 perovskite oxide superconductor 11 need not 
achieve a 100<Vo orientation, and an orientation rate 
can only be about 70% or more. The orientation rate 
can be obtained such that X-rays are radiated on an 
internal oxide superconductor excluding sheath 

35 member 12 of the superconducting wire of this 
embodiment, and a change in diffraction intensity of 
the C planes Is measured. 

A method of manufacturing the superconducting 
wire of this embodiment will be described below. 

40 First, powders of metals for constituting an oxide 
superconductor or their oxides, or carbonates, 
nitrates, oxalates, hydroxides, and the like which are 
converted to oxides by. heating are used, and are 
mixed at a predetermined mixing ratio to provide a 

45 composition of the perovskite superconductor 
oxide. The mixture Is ground and dried. Thereafter, 
the powder mixture is sintered at a temperature of 
800 to 1,000°C for several hours to 3 days to react 
with each other and to crystallize. The sintered body 

60 is ground by a ball mill or other known means to 
obtain a perovskite type oxide superconductor 
powder. In this case, crystals of the superconductor 
are cracked along their cleavage planes into micro 
grains. This grinding is preferably performed until 

55 powder grains are substantially ground Into single- 
crystal grains. Since the crystal of the perovsklte 
type oxide superconductor Is selectively grown 
along the C plane, each crystal grain has aflat shape 
having the C plane as a wide plane, as shown in 

60 Fig. 5. Grinding Is performed as described above, so 
that a grain size [a diameter of the C plane (major 
axis on the C plane) of the crystal grain] of powder 
grains substantially the same as single crystal grains 
falls within a range of 1 to 5 u,m. and a ratio of the 

65 grain size of the powder grain to its thickness (I.e., a 
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ratio of a diameter of the C plane of the crystal grain 
to a length in the C axis) falls within the range of 3 to 
5. As will be described later, powder grains are easily 
oriented In sheath member 12. Note that the powder 
may be classified so that granulated powder grains 
fall within the above ranges, as needed. 

The resultant powder is filled in a tubular sheath 
member having an outer diameter of 20 mm and an 
Inner diameter of 15 mm. and the powder Inside the 
sheath member is compacted from the outside the 
sheath member by, e.g., a press machine. There- 
after, the resultant sheath member Is subjected to 
cold wire drawing, so that the outer diameter of the 
sheath member is reduced to 1/10 or less, prefer- 
ably, 1/20 or less the original diameter. Thus, a wire 
in which packing density of the powder fails within 
the range of 50 to 90%, and its orientation rate Is at 
least 700/o, and, preferably, 80 to 90<Vb can be 
obtained. In this case, If the ratio of the diameter of 
the C plane of each perovsklte type superconductor 
powder grain to the length In the C axis fails within 
the range of 3 to 5, the superconductor powder In 
the sheath member can be oriented by only the 
above-mentioned diameter/educing process. In this 
case, the ratio of the diameter of the C plana of the 
superconductor powder grain to the length in the C 
axis, and a degree of a reduction in diameter are 
adjusted, so that the superconductor powder can be 
oriented at a desired orientation rate. Note that 
during this process, the wire may be subjected to a 
heat treatment as needed. 

Thereafter, a heat treatment Is performed In air or 
oxygen-containing atmosphere at 800 to 940° C for 
several hours to a day, and the temperature Is 
gradually decreased to room temperature at a rate of 
3°C/min. During cooling, the temperature of 400 to 
700° C can be maintained for about 10 hours. Since 
the heat treatment Is performed, Ag, Au, Pt. Pd, or 
their alloys are preferably used as the sheath 
member. These materials are hard to be oxidized at 
high temperatures, and have good oxygen per- 
meability, it can be prevented that oxygen In the 
perovskite oxide type superconductor Is rendered 
short to impair superconducting characteristics. 

The wire manufactured as described above can be 
wound to manufacture a superconducting coll. 

In this embodiment, a multi-core wire can be 
formed as in the first embodiment. 

A third embodiment will be described below. In 
this embodiment, as shown ln_Ro. 6. a suDarcon- 
djjcting wire cq natttuted by parg ysklte oxide super- 
conductor 21 and sheath member 22 Is formed into a 
flat shape (having a rectangular section) having a ' 
oaimt fiat manes 7ft and 2fi and i: pianaa yfTft 
crystal grains 23 of oxide superconductor 21 are 
oriented along flat planes 25 and. 26, as shown in 
Fig. 7. Shaath member 22 can be formed of the same 
material a s in the first and second embodiments. 
Perovyldta typn gyfrj e su pergonal u dor 21 used In' 
this embodi ment Is the s ame as that described In the 
fjrst and Mmnri amhnWim^^ Note that the 
superconducting wire need only be substantially flat, 
and its cross section need not always be rectangu- 
lar. That is, crystal grains need only be oriented 
along a substantially flat plane. 



With this structure, a superconducting current 
can be easily flowed in the longitudinal direction of 
the superconducting wire, and a current density of 
the superconducting wire can be Increased. In 
5 addition, as will be described later, when a coil is 
formed by winding a superconducting wire such that 
a magnetic flux generated inside the coil Is parallel to 
the flat plane during energization, a magnetic fleid 
formed by the current flowing through the coll can 

10 be increased. 

In order to manufacture the above-mentioned 
wire, basically the same processes as In the second 
embodiment are carried out excluding a process of 
flattening the wire. More specifically, the same 

15 perovsklte type oxide superconductor powder as in 
the second embodiment is filled in a sheath member 
having an outer diameter of about 20 mm and an 
Inner diameter of about 15 mm, and the sheath 
member is pressed by a press or a swaging 

20 machine. Thus, a wire having packing density of 50 to 
90% and a flat shape is formed, in this case, a ratio 
of the width to the thickness of the wire Is preferably 
set to be 2 or larger. Whh this process, the 
superconductor powder In the sheath member can 

25 be oriented at an orientation rate of 70% or more. 
When an elongated superconducting wire is to be 
manufactured, the following two methods can be 
adopted, In a first method, after the superconductor 
powder Inside the sheath member is compacted by, 

30 e.g„ a press machine from the outside the sheath 
member, the sheath member Is passed through a 
plurality of roller dies or normal dies, so that this 
member has an elliptic section having a large ratio of 
its major and minor axes, thus forming a wire. In this 

35 case, the major axis of the member is set to 1/10 or 
less, preferably, 1/20 or less the original diameter of 
the sheath member. Thereafter, the surface of the 
wire Is flattened by a cylindrical roller. 
In a second method, after the powder Inside the 

40 sheath member Is compacted by. e.g., a press 
machine from the outside the sheath member in the 
same manner as in the first method, the sheath 
member is subjected tp swaging or wire drawing, so 
that the outer diameter of the member is reduced to 

45 1/10 or less, preferably, 1/20 or less the original 
outer diameter, thus forming a wire. Thereafter, the 
wire is flattened using a cylindrical roller. Thus, the C 
planes of the powder grains can be easily oriented 
along the flat plane. In the first method, since the 

50 powder grains begin to orient from a stage where, a 
filling rate of the powder Is relatively tow, a higher 
orientation rate can be obtained, in this embodi- 
ment, a heat treatment may be conducted during a 
process of forming a wire, as needed, In the same 

55 manner as In the second embodiment. 

Thereafter, the same heat treatment as In the 
second embodiment Is performed to render the 
superconductor powder continuous, thereby obtain- 
ing a superconducting wire. 

so in order to form the resultant superconducting 
wire into a coil, as shown in Fig. 8, the superconduct- 
ing wire Is wound into a desired coll shape so that its 
flat planes 25 and 26 are parallel to a direction of a 
magnetic flux generated Inside the coil (e.g., a 

65 direction indicated by arrow B) when the coll Is 
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energized. In this case, since the C planes of the 
crystal grains of the oxide superconductor are 
oriented in the direction of a magnetic field gener- 
ated inside the coil, a critical magnetic field Is 
improved. In the perovskite type oxide supercon- 
ductor, a value of the critical magnetic field perpen- 
dicular to the C planes is noticeably smaller than that 
In a magnetic field parallel to the C planes. Therefore. 
If a wire Is formed with random orientation directions 
of crystal grains, no sufficiently large magnetic field 
can be formed. In this embodiment, however, since 
crystal grains are oriented to Increase the critical 
magnetic field, a sufficiently large magnetic field can 
be obtained. With this coll, an electromagnetic force 
can be generated In a direction perpendicular to the 
flat planes of the superconducting wire. 

This embodiment Is not limited to a single-core 
wire either as in the first and second embodiments, 
and a multi-core wire may be adopted. 

A fourth embodiment will be described below. A 
superconducting wire of this embodiment is formed 
such that an oxide superconductor is formed in an 
Ag matrix. An oxide superconductor having the 
same composition as in the first embodiment, e.g., a 
perovskite type oxide superconductor, is used, 

in order to manufacture the superconducting wire, 
an Ag alloy containing metals for forming an oxide 
superconductor is processed to form a wire. 
Examples of elements contained in the Ag alloy are 
La, Ba, Sr t Y, Cu, and the like. The wire can have an 
arbitrary shape and Is formed Into, e.g., a ribbon-like 
shape. Upon preparation of the alloy, Ag and other 
metals are charged in a reaction chamber such as a 
crucible to have a predetermined composition, and 
are melted. In this case, since La. Ba, Sr, Y, Cu, and 
the like as alloy components are easily oxidizable, 
melting Is preferably performed In an Inert atmos- 
phere. A water-cooled copper crucible free from 
Impurity contamination Is preferably used as a 
reaction chamber. 

In order to process this alloy into a wire, swaging, 
wire drawing, or rolling is performed. This process Is 
preferably a hot process rather than a cold process. 
Since the case of the cold process, elements such 
as La and Ag undesirably form fragile intermetallic 
compound, the wire is broken during working. 

Note that a wire may be formed by rapidly cooling 
a molten alloy without performing the above-men- 
tioned process. 

Thereafter, the Ag alloy wire formed in the above 
process is subjected to an oxidizing atmosphere 
such as air or an oxygen gas atmosphere. With this 
heat treatment, oxygen In the atmosphere Is diffused 
in the alloy, and reacts with oxide superconductor 
elements in the alloy. Thus, the oxide superconduc- 
tor is formed in the Ag matrix. Since Ag has excellent 
electrical and heat conductivities, It Is effective as a 
stabilizer for an oxide superconductor. Since Ag 
easily diffuses oxygen, oxygen is easily diffused In 
the Ag alloy during the heat treatment, and the oxide 
superconductor can be easily formed. In addition, 
since Ag itself is rarely oxidized, characteristics of a 
stabilizer wilt not be degraded. 

The heat treatment is preferably performed at a 
temperature of 400 to 940° C. If the heat treatment 



temperature is below 400° C, reaction of producing 
the oxide superconductor is very slow, resulting in 
Inconvenience. If the temperature exceeds 940° C, 
an oxide superconductor undesirably becomes 

5 large In grain size and aggregated. 

A fifth embodiment of the present invention will be 
described below. As shown In Fig. 9, 1 or more (5 in 
Fig. 9) metal core members 32 are burled In oxide 
superconductor 31 along the longitudinal direction 

10 of the wire. Oxide superconductor 31 has the same 
composition as in the first embodiment. 

Each core member 32 is preferably a metal wire 
having high heat conductivity and electric conductiv- 
ity, good machinability, and high mechanical restst- 

15 ance. These conditions need not be satisfied by one 
type of metal, and a plurality of types of metal wires 
may be bundled or twisted as the metal wire. As core 
member 32, Cu, Ag, Pu. Pt, Pd,. Ti, or their alloys, 
stainless steel, or the like can be used. 

20 Note that as shown in Fig. 10, planar core member 
34 may be burled In oxide superconductor 33. In this 
case, core member 34 can comprise an alloy plate of 
a plurality of types of thin metal plates. 
In order to manufacture the superconducting wire 

25 described above, the same oxide superconductor 
material powder as In the first or second embodi- 
ment or a crystallized perovskite type oxide super- 
conductor powder Is inserted In a metal tube 
together with the core member, and the two ends of 

30 the tube are closed by a metal member. Thereafter, 
following the same procedures as In the first 
embodiment, the outer diameter of the metal tube is 
reduced to 1/10 or less and preferably, 1/20 or less 
an original outer diameter, thus forming a wire. 

35 Thereafter, the resultant wire may be subjected to 
rolling as needed. 

In the above description, the starting material Is 
inserted in the form of the powder. However, the 
powder may be compression-molded to prepare a 

40 columnar molded body. The molded body may be 
Inserted In the metal tube, and the resultant tube 
may be subjected to a diameter-reduction process. 
In this case, the molded, body may be manufactured 
while the core member Is burled in the powder. 

45 Alternatively, when linear core members are em- 
ployed, a molded body having a plurality of holes 
extending along the longitudinal direction Is formed, 
and the core members may be Inserted in the holes. 
When a planar core member is employed, a plurality 

50 of molded bodies having shapes divided by the core 
member are prepared, and after the core member is 
inserted in the metal tube, the molded bodies may 
be Inserted therein. In these cases, the molding 
pressure Is preferably set to fall within the range of 1 

55 to 5 t/cm 2 . In this manner, when the diameter-reduc- 
tion process is performed after the superconducting 
oxide Is compression-molded, the packing density 
of the starting material can be increased, and 
generation of pores or cracks inside the supercon- 

60 ducting wire can be minimized. 

The material of the metal tube is not particularly 
limited as long as it has good machinability. 
However, in view of machinability and economy, Cu 
is preferable. 

65 After the diameter-reduction process, the metal 
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tube is removed from the resultant wire. This 
process is achieved such that the metal tube Is 
brought into contact with an etching solution such 
as nitric acid to be etched. 

The wire without the metal tube is subjected to a 
heat treatment to obtain a superconducting wire. 
The heat treatment Is preferably performed In an 
oxygen-containing atmosphere at 850 to 980° C for 8 
to 80 hours. Thereafter, the temperature is gradually 
decreased from 600° C at a low cooling rate of 
1°C/min, so that oxygen is introduced in oxygen 
deficiencies of the oxide superconductor, thus 
improving the superconducting characteristics. 

In order to achieve such oxygen Introduction, the 
temperature may be maintained at 300 to 700° C for 3 
to 50 hours. 

As the core members, since Ag, Au ( Pt, Pd, or 
their alloys are not oxidized by a heat treatment, they 
are more preferable. In contrast to thls r If a metal 
which is easily oxidized, such as Cu or a Cu alloy Is 
employed, an oxygen deficient layer and the like are 
formed on the surface of the oxide superconductor, 
and the superconducting characteristics are de- 
graded. However, since the.se layers do not expand 
beyond a given thickness, they do not cause 
disadvantages. 

In this manner, since core members are provided, 
the wire can be relatively easily formed into a coil. 

Example 1 

LA2O3, SrOa, and CuO were mixed using a ball mill 
at a mixing ratio of 0.9 mot of U2O3 and 02 mol of 
SrCOa with respect to 1 mol of CuO. The mixture 
was calcined at 900° C. Thereafter, the calcined body 
was again ground and mixed to prepare a powder as 
a superconductor starting material. The starting 
material was filled Inside a tubular Ag sheath 
member In an oxygen-containing gas atmosphere. 
Thereafter, the two open ends of the sheath member 
were closed and integrated. The integrated member 
was subjected to swaging, wire drawing, or the like 
until a ratio of reduction in sectional area exceeded 
about 100 or more, thus obtaining a wire having an 
outer diameter of 2 mm. Thereafter, an oxygen gas 
was supplied in a furnace at a flow rate of 1 £/mln, 
and a heat treatment was performed at 900°C for 15 
hours. Thereafter, the interior of the furnace was 
gradually cooled to 500° C at a rate of 1°C/mln. and a 
heat treatment was performed at 500° C for 15 hours. 
Then, the interior of the furnace was gradually 
cooled to room temperature. 

With this heat treatment, the starting material 
components inside the sheath member were re- 
acted to produce a continuous body of a layered 
perovskite oxide superconductor represented by 
formula (LaasSraihCuOA. Thus, a superconducting 
wire could be obtained. Upon examination of the 
superconducting characteristics of the supercon- 
ducting wire, the superconducting wire had good 
characteristics, i.e., a critical temperature of 35K, 
and a critical current at 4.2 K of 10 A. Note that the 
same result was obtained when sheath members of 
Ag alloy, Au, Pt, Pd, and their alloys were used In 
place of the Ag sheath member. The same result was 
also obtained when an Ag core member was used. 



Example 2 

Following the same procedures as In Example 1, a 
compound superconducting wire of a layered perov- 
5 skits oxide superconductor represented by formula 
(Lao^2sBaoir7s)2Cu04 was obtained using LaaO« t 
BaCOs, and CuO. 

The wire had good characteristics, I.e., a critical 
temperature of 32K and a critical current at 4.2K of 8 
10 A. 

Example 3 

Following the same procedures as In Example 1, a 
compound superconducting wire of a layered perov- 
15 skite oxide superconductor represented by formula 
{Lao.9Cao.i)aCu04 was obtained using La^Os 
CaCOs, and CuO. 

The wire had good characteristics, i.e., a critical 
temperature of 29K and a critical current at 4.2K of 5 
SO A. 

Example 4 

Following the same procedures as in Example 1 , a 
superconducting wire of a oxygen deficient perov- 
25 skite oxide superconductor represented by formula 
YBaaCu 3 Or-»was obtained using Y 2 O a , BaCOs. and 
CuO. 

The wire had good characteristics, i.e., a critical 
temperature of 90K and a critical current at 77K of 4 
30 A. 

Note that when La was employed in place of part 
or ail of Y, substantially the same result was 
obtained. 

35 Example 5 

After the sheath members of the Integrated 
members before the heat treatment In Examples 1 
to 4 were partially cut along their longitudinal 
direction using HNO3 or aqua regla, these members 

40 were subjected to the same heat treatment as in the 
above Examples. The critical current of each 
Example was doubled. 

Example 6 

45 A starting material prepared by mixing La, Sr. and 
Cu at a given mixing ratio to obtain a layered 
perovskite oxide superconductor represented by 
formula (LaagSro.i)2Cu04 was filled In an Cu tube, 
and the two open ends of the sheath member were 
50 closed. Thereafter, the resultant member was pro- 
cessed to be elongated, and the Cu tube was 
removed using HNOa. Thereafter, the same oxidizing 
heat treatment as in Example 1 was performed In air 
at 900° C. As a result, a continuous body of a layered 
55 perovskite oxide superconductor represented by 
formula (LaojSr 0 .i)aCuO4 was produced. Thereafter, 
a Cu sheath member was coated around the oxide 
superconductor. 
The good characteristics, i.e., a critical tempera- 
te? ture of 35K and a critical current at 4.2K of 1 0 A, were 
obtained. 

Example 7 

Following the same procedures as in Example 6 
65 except for using Ba in place of Sr, a superconduct- 
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Ing wire was produced. 

The good characteristics, I.e., a critical tempera- 
ture of 29K and a critical current at 4.2 K of 5 A, were 
obtained. 

Example 8 

Following the same procedures as in Example 6 
except for using Ca in place of Sr, a superconduct- 
ing wire was produced. 

The good characteristics, i.e., a critical tempera- 
ture of 29K and a critical current at 4.2 K of 5 A, were 
obtained. 

Example 9 

A superconducting wire was produced following 
the same procedures as in Example 6, except that Y, 
Ba, and Cu were used in place of La, Sr, and Cu in 
Example 6 and were mixed at a mixing ratio of 
YBaaCusO™. 

The good characteristics, i.e., a critical tempera- 
ture of 96K and a critical current at 77K of 8 A, were 
obtained. 

Example 10 

A superconducting wire was produced following 
the same procedures as in Example 6, except that 
Y2O3, BaCOa, and CuO were used in place of La, Sr, 
and Cu in Example 6 and were mixed at a mixing ratio 
of (Yo*Baoj6)Cu03. 

The good characteristics, i.e., a critical tempera- 
ture of 88K and a critical current at 77K of 3 A, were 
obtained. 

Example 11 

U2O3. SrCOa, and CuO were mixed using a ball 
mill at a mixing ratio of 0.92 mol of U2O3 and 02 mol 
of SrC03 with respect to 1 mol of CuO. The mixture 
was calcined at 900° C for two hours. Thereafter, the 
calcined body was again granulated and mixed to 
prepare a powder as a superconductor starting 
material. The starting material was wrapped in a 
silver sheet in a rod-like shape and Nl plating was 
performed on Ag. The mixture wrapped by the sheet 
was inserted in a copper tube having an outer 
diameter of 10 mm and an inner diameter of 8 mm. 
Thereafter, the two open ends of the copper tube 
were closed and integrated. The integrated member 
was subjected to swaging, wire drawing, or the like 
until a ratio of a reduction in sectional area was 
about 100 or more, thus obtaining a wire having a 
diameter of 1 mm. Thereafter, a heat treatment was 
performed in vacuum at 900° C for 15 hours. Thus, a 
superconducting wire covered with the double- 
layered sheath member was obtained. It was 
confirmed by X-ray diffraction that a continuous 
body of a layered perovsklte oxide superconductor 
represented by formula (LaaaSraOaCuO* was pro- 
duced Inside the sheath member. 

The characteristics of the superconducting wire 
manufactured as described above were measured. 
As a result, It was confirmed that the resultant wire 
could provide good superconducting characteris- 
tics, I.e., a critical temperature of 40K and a critical 
current at 4.2K of 10 A. RRR (a value obtained by 
dividing a room-temperature resistance by a resist- 



ance at a critical temperature; as RRR is larger, heat 
conductivity Is larger) was as high as RRR of an 
Nb3Sn superconducting wire which had been con- 
ventionally used. With the method of this Example, it 

5 was revealed that copper was not oxidized by 
oxygen contained In the oxide superconductor 
starting material. 

Therefore, since the superconducting wire ob- 
tained by the method described above has good 

10 superconducting characteristics and the stabilizer 
has heat conductivity of a stabilizer, it can be 
effectively applied to a superconducting magnet. 

E xample 12 

15 A superconducting wire of a layered perovsklte 
oxide superconductor represented by formula 
(Laa.925Bao.075) 2CUO4 was obtained following the 
same procedures as in Example 10 except for using 
La203, BaCOs, and CuO. 

20 The wire had good superconducting characteris- 
tics, i.e., a critical temperature of 35K and a critical 
current at 4.2K of 8 A. 

Example 13 

25 A superconducting wire of a layered perovsklte 
oxide superconductor represented by formula 
(LaosCaaihCuO* was obtained following the same 
procedures as in Example 10 except for using 
U20a, CaCOs, and CuO. 

30 The wire had good superconducting characteris- 
tics, i.e., a critical temperature of 18K and a critical 
current at 4.2K of 3 A. 

Example 14 

35 A superconducting wire of an oxide superconduc- 
tor having a composition ratio of YBasCuaO™ was 
obtained using Y2O3, BaC03, and CuO, following the 
same procedures as In Example 10. 
The wire had good superconducting characterts- 

40 tics, I.e., a critical temperature of 90K and a critical 
current at 77K of 1 A. 

Example 15 

2 moiq/o of a BaC03 powder, 0.5 molVo of a Y2O3 

45 powder, and 3 moP/o of a CuO powder were 
sufficiently mixed. The mixture was calcined In air at 
900° C for 48 hours to react with each other and 
ground. Thereafter, the powder starting material was 
reannealed in an oxygen atmosphere at 900° C for 24 

50 hours to react with each other. After oxygen was 
introduced to oxygen vacancy, the reannealed body 
was reground using a ball mill and was classified, 
thus obtaining a oxygen deficient perovskite super- 
conductor powder (composition ratio of YBa- 

55 2CU3O7.8) having an average grain size of 2 urn and a 
ratio of diameter to thickness of 3 to 5. 

The oxide superconductor powder was charged in 
a sliver pipe having an outer diameter of 20 mm and 
an Inner diameter of 15 mm. One end of the pipe was 

60 sealed by a Ag member, and the other end was 
capped with a Ag stop. The stop was welded to the 
other end of the pipe remaining a ventilation hole. 
Thereafter, the resultant pipe was subjected cold 
wire drawing up to an outer diameter of 1 mm, and 

65 then was subjected to a heat treatment In a oxygen 
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atmosphere at 900° C for 12 hours. 

The resultant superconducting wire was cut Into 
pieces along its longitudinal direction, and an 
orientation rate of the superconductor powder In the 
longitudinal direction of the wire was measured. The 
orientation rate was about 80%, and a packing, 
density was 80%. The superconducting characteris- 
tics of the wire were measured. As a result, a critical 
temperature was 87K and a critical current at 77K 
was 3 A. 

The superconductor powder used in this Example 
was compression molded without orientation. The 
resultant molded body was subjected to a heat 
treatment at 900°C for 12 hours to prepare a 
superconductor block. The critical temperature of 
the superconductor block was measured to be 85K 
and a critical current at 77K was 0.3 A. 

Example 16 

The same oxide superconductor powder as that 
prepared In Example 15 was charged In an Ag pipe 
which had an outer diameter of 20 mm, an inner 
diameter of 15 mm, and a length of 100 mm, and one 
end of which was sealed. After the other end of the 
pipe was sealed, the pipe was subjected to a cold 
process using roller dies and dies whose ratios of 
major axis to minor axis were gradually Increased 
until the section had an elliptic shape having a major 
axis diameter of 2 mm and a minor axis diameter of 1 
mm. Finally, the resultant pipe was formed to a plate 
shape having a thickness of 0.5 mm and a width of 3 
mm using a cylindrical roll, and the resultant 
structure was subjected to a heat treatment in 
oxygen at 900° C for 12 hours. 

The superconducting wire obtained as described 
above was cut Into pieces along Its longitudinal 
direction, and an orientation rate of the supercon- 
ductor powder In the flat plane of the wire was 
measured. As a result, the orientation rate was 70% 
In the wldthwise direction, and 75% in the longitudi- 
nal direction. The packing density of the supercon- 
ductor powder in the Ag coat was 85%. The 
superconducting characteristics of the wire were 
measured. As a result, the critical temperature was 
87K and a critical current measured at a temperature 
of 77K was 6 A. 

On the other hand, the superconductor powder 
used in this Example was compression molded 
without orientation, and was then subjected to a 
heat treatment at 900° C for 1 2 hours. As a result, the 
critical temperature of the superconductor block 
was 85K and a critical current at a temperature of 
77K was 0.3 A. 

Example 17 

The superconducting wire manufactured in 
Example 16 was formed into a coll shape having an 
outer diameter of 10 mm and a length of 50 mm. In 
this case, the coil was sintered in an oxygen 
atmosphere at 900° C for 12 hours so that a direction 
of a magnetic flux generated inside the coil upon 
energization of the coil was parallel to a flat surface. 
A critical magnetic field of this coll was 0.1 T. 

A superconductor coll having the same dimen- 
sions as in this Example was produced using a 



superconducting wire which had a circular section 
having the same sectional area as that In thle 
Example and in which a superconductor powder was 
not oriented. The superconducting wire was pre- 
5 pared using the same superconductor powder and 
the Ag pipe used in this Example. The critical 
magnetic field of this coll was measured to be 0.01 T. 

Example 18 

10 An alloy consisting of 8.07 wt% of La, 0.85 wt% of 
Sr, 8.08 wt% of Cu, and the balance of silver was 
prepared in a water-coofed copper crucible using a 
plasma arc melting furnace. The resultant alloy was 
subjected to hot processes, l.e„ swaging and wire 

15 drawing at a temperature of 800° C, thus obtaining a 
wire having a diameter of 2 mm. The wire was then 
subjected to a heat treatment In a 1-atm oxygen 
atmosphere at 600° C for 96 hours. As a result, an 
La-Sr-Cu-0 layered perovsklte superconductor was 

20 formed on the surface arid Inside an Ag matrix. 

The superconducting characteristics were exam- 
ined using the compound superconducting wire. A 
critical temperature was 35K and a critical current at 
42 K was 10 A, demonstrating good characteristics 

25 

Example 19 

An alloy consisting of 1 1.6 wt% of La, 2.5 wt% of 
Ba, 5.9 wto/o of Cu, and the balance of silver was 
prepared In a water-cooled copper crucible using a 

90 plasma arc melting furnace. The resultant alloy was 
charged In a quartz vessel having a nozzle at its 
lower end, and was melted using a high-frequency 
furnace. Thereafter, the molten alloy was Injected by 
an argon gas pressure onto a cooling Cu roll which 

36 was rotated at the lower end of the nozzle, so that 
the molten alloy was rapidly cooled In an argon 
atmosphere, thus producing a 1 ribbon having a 
thickness of 0.5 mm and a width of 2 mm. The ribbon 
was subjected to a heat treatment in a 1-atm oxygen 

40 atmosphere at 650° C for 48 hours. As a result, an 
La-Ba-Cu-0 layered perovsklte superconductor was 
formed on the surface and Inside an Ag matrix. 

The superconducting characteristics were exam- 
ined using the compound superconducting wire. A 

45 critical temperature was 30K and a critical current at 
4.2 K was 5 A, exhibiting good characteristics. 

Example 20 

An alloy consisting of 4.8 wt% of Y f 14.9 wt% of 
SO Ba, 10.3 wt% of Cu, and the balance of sjiver was 
prepared in a water-cooled copper crucible using a 
plasma arc melting furnace. The resultant alloy was 
aubjected to hot swaging and wire drawing pro- 
cesses at 800° C to obtain a wire having a diameter 
55 of 2 mm. The resultant wire was subjected to a heat 
treatment in a 1-atm oxygen atmosphere at 900° C 
for 96 hours. As a result, a Y-Ba-Cu-O oxide 
superconductor was formed on the surface and 
Inside an Ag matrix. 
60 The superconducting characteristics were exam- 
ined using the compound superconducting wire. A 
critical temperature was 83K and a critical current at 
77 K was 15 A, exhibiting good characteristics. 

65 
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Example 21 

An oxygen-deficient perovskite type supercon- 
ductor powder as in Example 15 was obtained 
following the same procedures as in Example 15. 

The resultant oxide superconductor powder was 
filled In a copper tube In which five silver wires having 
a diameter of 3 mm and a length of 100 mm were 
placed and which had an outer diameter of 20 mm, 
an Inner diameter of 15 mm, and a length of 100 mm 
and had one end closed by a copper member. The 
other end of the tube was closed by a copper atop. 

Thereafter, the resultant wire was cold-worked 
into a wire having an outer diameter of 2 mm at room 
temperature by a swaging machine. 

The copper tube was removed by etching using 
HNOa. The resultant wire was sintered in an 
oxygen-containing atmosphere at 940° C for 24 
hours, and the temperature was then gradually 
decreased from 600° C at a rate of 1°C/mln, thereby 
obtaining an oxide superconducting wire having a 
section as shown in Fig. 9. 

The critical current density of the resultant oxide 
superconducting wire in an external magnetic field 
of 0 T at 77K was 5,000 A/cm 2 . When a tension of 200 
kgf/cm 2 was applied, the critical current density in 
an external magnetic field of 0 T at 77K was 4,800 
A/cm 2 . Thus, the superconducting characteristics 
was only slightly degraded. 

Example 22 

Following the same procedures as in Example 21, 
a wire having an outer diameter of 1.8 mm was 
prepared, except that two thin silver plates having a 
width of 10 mm, a thickness of 3 mm, and a length of 
100 mm, and a single thin sliver plate having a width 
of 15 mm, a thickness of 3 mm, and a length of 100 
mm were placed to be parallel to each other In place 
of the silver wires. 

Thereafter, the resultant wire was rolled by roller 
dies to obtain a tape-like member having a thickness 
of 1 mm and a width of 2.5 mm. Thereafter, the outer 
copper layer was removed by etching using HNO3. 
The resultant structure was sintered in an oxygen- 
containing atmosphere at 940° C for 24 hours, and 
the temperature was then gradually decreased from 
600°C at a rate of 1°C/min, thereby obtaining an 
oxide superconducting wire. 

The critical current density of the resultant oxide 
superconducting wire in an external magnetic field 
of 0 T at 77K was 4,900 A/cm 2 . When a tension of 
2,000 kgf/cm 2 was applied, the critical current 
density In an external magnetic field of 0 T at 77K was 
4,750 A/cm 2 . Thus, the superconducting character- 
istics was only slightly degraded. 

Example 23 

An oxygen-deficient perovskite type supercon- 
ductor powder as in Example 15 was obtained 
following the same procedures as in Example 15. 

The resultant oxide superconductor powder was 
compression-molded at a pressure of 1 t/cm 2 using 
metal molds to obtain a cylindrical body having a 
diameter of 14 mm and a length of 10 mm, and in 
which 4 holes having a diameter of 1 Z mm extending 
along the axial direction were formed at positions 



corresponding to 1/2 the radius. 10 molded bodies 
were coupled by Inserting a silver wire having a 
diameter of 1 mm in their holes, and were inserted in 
a silver tube which had an outer diameter of 20 mm, 
5 an inner diameter of 15 mm, and a length of 100 mm, 
and one end of which was closed by a stiver 
member. After the other end of the tube was closed 
by a silver stop, the oxide superconductor powder 
was compacted by a pressing machine at room 

10 temperature from the outside the silver tube. 
Thereafter, the tube was elongated by a swaging 
machine to have an outer diameter of 2 mm, and was 
then compressed flat to have a thickness of 1 mm. 
Thereafter, the resultant structure was subjected 

15 to a heat treatment in an oxygen gas at 940° C for 24 
hours, and the temperature was then gradually 
decreased from 600°C at a rate of 1°C/min, thereby 
obtaining a superconducting wire. 
The critical temperature of the oxide supercon- 

20 ducting wire was 87K, and the critical current density 
thereof was 1,100 A/cm 2 . 



25 Claims 

1 . A superconducting wire comprising: 
a tubular sheath member (2) ; and 

an oxide superconductor (1) filled In said 
30 sheath member. 

2. A superconducting wire according to claim 

1, characterized in that said oxide supercon- 
ductor (1) has a perovskite type crystal struc- 
ture. 

36 3. A superconducting wire according to claim 

2, characterized in that said oxide supercon- 
ductor (1) contains Cu and at least one element 
selected from the group consisting of: Ba, Sr, 
Ca, Y, Yb, Ho, Dy, Eu, Sm, Qd, Nd, La, Er, Tm, 

40 andLu. 

4. A superconducting wire according to claim 

3, characterized In that said oxide supercon- 
ductor (1) contains a composition represented 
by (Lai-xMxhCuCU (x indicates atomic %, 0 £ x 

45 < 0.1, and M Is anelement selected from the 

group consisting of: Ba, Sr, and Ca) . 

5. A superconducting wire according to claim 
3, characterized in that said oxide supercon- 
ductor (1) contains a composition represented 

50 by ABa2Cua07-6 (6 3 0.2, and A represents an 

element selected from the group consisting of: 
Y, Yb, Ho, Dy, Eu, Sm, Qd, Nd, La, Er, Tm, and 
Lu). 

6. A superconducting wire according to claim 
55 1 , characterized In that said sheath member (2) 

contains a material selected from the group 
consisting of: Ag, Au, Pt, Pd, and their alloys. 

7. A superconducting wire according to claim 
1 , characterized in that said sheath member (2) 

60 contains a material selected from the group 

consisting of: Cu, Nb, Fe, and their alloys. 

8. A superconducting wire according to claim 
1, characterized in that said sheath member (5) 
has a double-layered structure comprising an 

65 inner layer (3) and an outer layer (4). 



10 



19 



0 282 286 



20 



9. A superconducting wire according to claim 
8, characterized tn that said outer layer (4) 
contains Cu or a Cu alloy, and said Inner layer 
(3) contains a material selected from the group 
consisting of: Ag, Au, Pt. and their alloys. e 

10. A superconducting wire according to claim 
2, characterized in that C planes (14) of crystal 
grains (13) of said oxide superconductor (11) 
are oriented along a longitudinal direction of 

said wire. 74 

1 1 . A superconducting wire according to claim 
10, characterized in that said wire Is of a flat 
shape and has a pair of flat surfaces (25, 26), 
and the C planes (24) of the crystal grains (23) 

of said oxide superconductor (21) are oriented 15 
to be parallel to the flat surfaces (25, 26). 

12. A superconducting wire according to claim 

10, characterized In that a crystal orientation 
rate of the crystal grains (13) Is not less than 
7W6. 20 

13. A superconducting wire according to claim 

11, characterized In that a crystal orientation 
rate of the crystal grains (23) Is not less than 
7<Wo. 

14. A superconducting wire according to claim 25 
*11 f characterized in that a ratio of a width to a 

thickness of said wire Is not (ess than 2. 

15. A superconducting wire according to claim 
1, characterized In that a core member (6) is 
burled In said oxide superconductor (1) along a 30 
longitudinal direction of the wire. 

16. A superconducting wire according to claim 
15, characterized in that said core member (6) 
contains a material selected from the group 
consisting of: Ag, Au, Pt, Pd, Cu, 71, and their 36 
alloys. 

17. A method of manufacturing a supercon- 
ducting wire comprising the steps of: 

filling a starting material for forming an oxide 
superconductor (1 ), In a tubular sheath member 40 
(2) to form affiled member; 

processing said filled member Into a wire 
shape; and 

performing a heat treatment on said filled 
member to convert the starting material filled In 4$ 
said sheath member (2) Into an oxide supercon- 
ductor (1) which is conductive enough to 
effectively transmit a current. 

18. A method according to claim 17, charac- 
terized in that said oxide superconductor (1) 50 
has a perovskite type crystal structure. 

19. A method according to claim 18, charac- 
terized in that said oxide superconductor (1) 
contains Cu and at least one element selected 
from the group consisting of: Ba, Sr, Ca, Y, Yb, 66 
Ho, Dy. Eu, Sm, Qd, Nd, La, Er, Tm, and Lu. 

20. A method according to claim 19, charac- 
terized in that said oxide superconductor (1) 
contains a composition represented by 
(Lai. x M x )2Cu0 4 (x indicates atomic <Vb t 0 5 x < 60 
0.1, and M Is an element selected from the 
group consisting of: Ba, Sr, and Ca). 

21. A method according to claim 19, charac- 
terized In that said oxide superconductor (1) 
contains a composition represented by ABa- 65 



2Cua07-B (5 £ 0.2, and A represents an element 
selected from the group consisting of: Y, Yb, 
Ho, Dy, Eu t Sm, Qd, Nd, U Er, Tm t and Lu). 

22. A method according to claim 17, charac- 
terized In that said sheath member (2) contains 
a material selected from the group consisting 
of: Ag, Au, Pt, Pd, and their alloys. 

23. A method according to claim 17, charac- 
terized in that the processing step Is achieved 
by extruslng, swaging, rolling, or wire drawing. 

24. A method according to claim 17, charac- 
terized in that the heat treatment step is 
performed at a temperature of at least 500° C. 

25. A method according to claim 17, charac- 
terized In that the heat treatment step is 
performed In an oxidizing atmosphere. 

26. A method according to claim 25, charac- 
terized In that the heat treatment step is 
performed after said sheath, member (2) is 
partially removed so that external oxygen is 
directly In contact with the starting material 
Inside said sheath member (2). 

27. A method according to claim 18, charac- 
terized in that the starting material filled in said 
sheath member (2) Is a powder formed by 
grinding said oxide superconductor. 

28. A method according to claim 18, charac- 
terized in that said oxide superconductor 
starting material Is compression-molded, and ts 
then Inserted in said sheath member (2) in tha 
form of a molded body. 

29. A method according to claim 28, charac- 
terized In that said molded body is molded at a 
pressure of 1 to 5 t/cm* 

30. A method according to claim 18, charac- 
terized in that a core member (6) is Inserted in 
said oxide superconductor starting material 
before the processing step, 

31. A method according to claim 18, charac- 
terized In that grinding is performed untff the 
grains of the powder become substantially 
single crystal grains. 

32. A method according to claim 31, charac- 
terized In that the ratio of a diameter to a 
thickness of each grain of the powder ts 
substantially 3 to 5. 

33. A method according to claim 32, charac- 
terized In that a diameter of the powder grain is 
substantially 1 to 5 urn. 

34. A method according to claim 27, charao* 
terized in that the processing step reduces a 
diameter of said sheath member (2) to not more 
than 1/10 of an original diameter. 

35. A method according to claim 34, charac- 
terized In that the processing step reduces a 
diameter of said sheath member (2) to not more 
than 1 /20 of an original diameter. 

36. A method according to claim 34, charac- 
terized In that by the processing step, the C 
planes (14) of the crystal grains (13) of said 
oxide superconductor (11) are oriented along 
the longitudinal direction of said wire. 

37. A method according to claim 36, charac- 
terized In that a crystal orientation rate of the 
crystal grains (13) Is not less than 70<Vb. 
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38. A method according to claim 37, charac- 
terized in that a packing density of the powder 
is 50 to 90o/o. 

39. A method according to claim 27, charac- 
terized in that by the processing step, said wire 
is formed into a flat shape and has a pair of flat 
surface. 

40. A method according to claim 39, charac- 
terized In that by the processing step, the C 
planes (24) of the crystal grains (23) of said 
oxide superconductor (11) are oriented to be 
parallel to said flat surfaces (25, 26). 

41. A method according to claim 39, charac- 
terized In that by the processing step, the filled 
member is formed to a flat wire while reducing a 
diameter of the filled member. 

42. A method according to claim 39, charac- 
terized in that by the processing step, the filled 
member Is shaped into a flat wire after a 
diameter of the filled member is reduced. 

43. A method according to claim 39, charac- 
terized in that by the processing step, a ratio of 
a width to a thickness of said wire is set to be 
not less than 2. 

44. A method according to claim 39, charac- 
terized In that a crystal orientation rate of the 
crystal grains is not less than 700/b. 

45. A method according to claim 44, charac- 
terized in that a packing density of the powder 
Is 50 to 900/o. 

46. A method of manufacturing a supercon- 
ducting wire, comprising the steps of: 

filling a starting materia) for forming an oxide 
superconductor, in a metal tube to form a filled 
member; 

processing the filled member into a wire 
shape; 

removing said metal tube from said filled 
member; 

performing a heat treatment on the resultant 
wire to be converted into an oxide supercon- 
ductor (1) which is conductive enough to 
effectively transmit a current therethrough; and 

coating said oxide superconductor with a 
sheath member (2). 

47. A method according to claim 46, charac- 
terized In that said oxide superconductor (1) 
has a perovskite type crystal structure. 

48. A method according to claim 47, charac- 
terized in that said oxide superconductor (t) 
contains Cu and at least one element selected 
from the group consisting of: Ba, Sr, Ca, Y, Yb, 
Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and Lu. 

49. A method according to claim 48, charac- 
terized in that said oxide superconductor (1) 
contains a composition represented by 
(Lai-xMxhCuCU (x indicates atomic o/o. o 5 x < 
0.1, and M is an element selected from the 
group consisting of; Ba, Sr, and Ca). 

50. A method according to claim 48, charac- 
terized in that said oxide superconductor (1) 
contains a composition represented by ABa- 
2CU3O7-8 (8 £ 0.2, and A represents an element 
selected from the group consisting of: Y, Yb, 
Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and Lu). 



51. A method according to claim 46, charac- 
terized In that said sheath member (2) contains 
a material selected from the group consisting 
of: Ag, Au, Pt, Pd, Cu, and Fe, and their alloys. 
5 52. A method according to claim 46, charac- 

terized in that the processing step Is achieved - 
by extruslng, swaging, wire drawing, or rolling. 

53. A method according to claim 46, charac- 
terized in that the heat treatment step Is 

10 performed at a temperature of at least 500° C. 

54. A method according to claim 46, charac- 
terized in that the heat treatment step is 
performed fn an oxidizing atmosphere. 

55. A superconducting wire having : 
15 an Ag matrix; and 

an oxide superconductor formed in said 
matrix. 

56. A superconducting wire according to claim 

55, characterized in that said oxide supercon- 
20 ductor has a perovskite type crystal structure. 

57. A superconducting Wire according to claim 

56, characterized In that said oxide supercon- 
ductor contains Cu and at least one element 
selected from the group consisting of: Ba, Sr, 

25 Ca, Y, Yb, Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, 

and Lu. 

58. A superconducting wire according to claim 

57, characterized in that said oxide supercon- 
ductor contains a composition represented by 

30 (Lai*Mx)2Cu04 (x indicates atomic 0 5 x < 

0.1, and M ts an element selected from the 
group consisting of: Ba, Sr, and Ca). 

59. A superconducting wire according to claim 
57, characterized In that said oxide supercon- 

35 ductor contains a composition represented by 

ABa2Cua07-s (8 £ 0.2, and A represents an 
element selected from the group consisting of: 
Y, Yb, Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and 
Lu). 

40 60. A method of manufacturing a supercon- 

ducting wire comprising the steps of: 

forming an Ag alloy which contains metals 
for constituting an .oxide superconductor In a 
wire; and 

45 performing a heat treatment on the Ag alloy 

wire in an oxidizing atmosphere to form an 
oxide superconductor in an Ag matrix. 

61. A method according to claim 60, charac- 
terized In that the heat treatment step is 

50 performed within a temperature range of 400 to 

940°C. 

62. A method according to claim 60, charac- 
terized In that the heat treatment step is 
performed In an atmosphere of air or oxygen 

55 gas. 

63. A method according to claim 60, charac- 
terized In that the forming step is achieved by 
extrusing, swaging, wire drawing, or rolling. 

64. A method according to claim 60, charac- 
60 terized in that by the forming step, a molten Ag 

alloy is rapidly solidified and Is directly formed 
into a wire or a tape. 

65. A method according to claim 60, charac- 
terized in that said oxide superconductor has a 

65 perovskite type crystal structure. 
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68. A method according to claim 65, charac- 
terized in that said oxide superconductor 
contains Cu and at least one element selected 
from the group consisting of: Ba. Sr, Ca, Y, Yb, 
Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and Lu. 

67. A method according to claim 66, charac- 
terized in that said oxide superconductor 
contains a composition represented by 
(Lai-xMx)2Cu04 (x Indicates atomic «Vb r 0 3 x < 
0.1, and M is an element selected from the 
group consisting of: Ba, Sr, and Ca). 

68. A method according to claim 66, charac- 
terized In that said oxide superconductor 
contains a composition represented by ABa- 
2Cua07^ (8 £ 0.2, and A represents an element 
selected from the group consisting of: Y, Yb t 
Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and Lu). 

69. A superconducting wire comprising: 
an oxide superconductor (31 , 33) ; and 

a metal core member (32, 34) buried In said 
oxide superconductor. 

70. A superconducting wire according to cfeJsn 

69, characterized in that said oxide supercot*. 
ductor (31, 33) has a perovsklte type crystal 
structure. 

71 . A superconducting wire according to claim 

70, characterized in that said oxide supercon- 
ductor (31, 33) contains Cu and at feast one 
element selected from the group consisting of: 
Ba, Sr, Ca. Y, Yb, Ho, Dy, Eu, Sm, Gd, Nd, La, Er, 
Tm, and Lu. 

72. A superconducting wire according to claim 

71, characterized in that said oxide supercon- 
ductor (31, 33) contains a composition rej> 
resented by (Lai- x M x )2Cu04 (x Indicates 
atomic o/o, 0 £ x < 0.1, and M Is an element 
selected from the group consisting of Ba, Sr, 
andCa). 

73. A superconducting wire according to claim 
71, characterized in that said oxide supercon- 
ductor (31, 33) contains a composition rep- 
resented by ABaaCusO™ (6 £ 0.2, and A 
represents an element selected from the group 
consisting of: Y, Yb, Ho, Dy, Eu, Sm, Gd, Nd, La, 
Er.Tm, andLu). 

74. A superconducting wire according to claim 
69, characterized in that said core member (32, 
34) contains a material selected from the group 
consisting of: Ag, Au, Pt, Pd, Cu, Tl, and theft* 
aHoys. 

75. A superconducting wire according to'cttn 
74, characterized In that said core member (32) 
has a linear shape. 

76. A superconducting wire according to claim 
74, characterized in that said core member (34) 
has a plate-like shape. 

77. A method of manufacturing a supercon- 
ducting wire, comprising the steps of: 

filling a starting material for forming an oxide 
superconductor, In a metal tube to form a filled 
member; 

Inserting a metal core member (32, 34) In 
said metal tube along a longitudinal direction of 
said metal tube; 

processing said filled member Into a wire 



shape; removing said metal tube from said filled 
member; and 

performing a heat freatrnent on the resultant 
wire to convert the Wire Into an oxide supercon- 

5 ductor (31, 33) whic^ls conductive enough tp 

effectively transmit a current therethrough. 
78. A method" according to claim 77, charac- 
terized In that said oxWe superconductor (31, 
33) has a perovsklte type crystal structure. 

io 79. A method according to claim 76, charac- 

terized In that said oxide superconductor (31 , 
33) contains Cu and at least one element 
selected from the group consisting of : Ba, Sr 
Ca, Y, Yb, Ho, rjy, Eu, Sm, Qd, Nd, La, Er, Tm! 

15 andLu. 

30. A method according to claim 79, charac- 
terized in that said oxide superconductor (31, 
33) contains a composition represented by 
(Lai-xM*)2Cu04 (x Indicates atomic <>/b, 0 ;S x < 

20 0.1, and M Is an element selected from the 
group consisting of: Ba, Sr, and Ca). 

81. A method according to claim 79 r charac- 
terized in that saw oxide superconductor (31, 
33) contains a composition represented by 

25 ABtiaCusO™ (8 £ 0.2, and A represents an 

element selected from the group consisting of ■ 
Y, Yb, Ho, Dy, Eu, Sm, Qd, Nd, La, Er, Tm, and 
Lu). 

82. A method according to claim 77. charac- 
30 tertzed In that said metal core member (32, 34) 

contains a materia] selected from the group 
consisting of: Ag, Au, Pt, Pd, Cu. Tl, and their 
alloys. 

83. A method according to ctaim 77, charac- 
35 tertzed In that said starting material of the oxide 

superconductor Is compression-molded, and Is 
Inserted in said metal tube in the form of a 
molded body. 

84. A method according to claim 83, charac- 
40 tertzed In that said motded body Is molded at a 

pressure of 1 to 6 t/cm*. 
86. A method according to claim 83, charac- 
terized In that said core member £32, 34) Is 
buried Inlaid molded body upon the molding of 
45 said starting material. 

86. A method according to claim 83, charac- 
terized In that a hole is formed In said molded 
body along a longitudinal direction of the wire, 
and said core member (32) is inserted in the 

50 hole. 

87. A method according to claim 77, charac- 
terized In that said metal tube Is removed by an 
etching process. 

88. A superconducting coll formed by winding 
55 a supercondudBng wire according to claim 1 . 

89. A superconducting coll according to claim 
8ff, charaoterteed In that said oxide supercon- 
ductor (t) has a perovsklte type crystal struc- 
ture. 

60 90. A superconducting coll according to claim 

89, characterized in that said oxide supercon- 
ductor (1) contains Cu and at least one element 
selected from the group consisting of: Ba, Sr 
Ca, Y, Yb, Ho. Dy, Eu, Sm, Qd f Nd. La, Er. Tm! 

65 andLu. 
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91. A superconducting coil according to claim 
90, characterized in that said oxide supercon- 
ductor (1) contains a composition represented 
by (Lai- x Mx)2Cu04 (x indicates atomic °/o, O^x 
< 0.1, and M is an element selected from the 
group consisting of: Ba, Sr, and Ca). 

92. A superconducting coll according to claim 
90, characterized in that said oxide supercon- 
ductor (1) contains a composition represented 
by ABafcCuaOz-a (5 5 0.2, and A represents an 
element selected from the group consisting of: 
Y, Yb, Ho, Dy, Eu, Sm, Gd, Nd, La, Er, Tm, and 
Lu). 

93. A superconducting coil according to claim 
88, characterized In that said sheath member 

(2) contains a material selected from the group 
consisting of: Ag, Au, Pt, Pd, Cu t and Fe, and 
their alloys. 

94. A superconducting coil according to claim 

88, characterized in that said sheath member 
(5) has a double-layered structure comprising 
an inner layer (3) and an outer layer (4). 

95. A superconducting coil according to claim 
94, characterized in that said outer layer (4) 
contains Cu or a Cu alloy, and said inner layer 

(3) contains a material selected from the group 
consisting of: Ag, Au, Pt, and their alloys. 

96. A superconducting coil according to claim 

89, characterized In that C planes (14) of crystal 
grains (13) of said oxide superconductor (11) 
are oriented along a longitudinal direction of 
said wire. 

97. A superconducting coll according to claim 
96, characterized in that said wire Is of a flat 
shape and has a pair of flat surfaces (25, 26), 
and the O planes (24) of the crystal grains (23) 
of said oxide superconductor (21) are oriented 
to be parallel to the flat surfaces (25, 26). 

98. A superconducting coil according to claim 

96, characterized in that an orientation rate of 
the crystal grains is not (ess than 70%. 

99. A superconducting coil according to claim 

97, characterized in that an orientation rate of 
the crystal grains is not less than 70%. 

100. A superconducting coil according to 
claim 97, characterized in that a ratio of a width 
to a thickness of said wire is not less than 2. 

101. A superconducting coil according to 
claim 97, characterized in that said coil is 
formed by winding said wire so that a direction 
of a magnetic flux generated Inside said coll Is 
parallel to a flat surface of said wire upon 
energization of said coil. 

102. A superconducting coll formed by 
winding a superconducting wire according to 
claim 55. 
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